Abstract. Palaeontological data available from the Azerbaijanian domains (Somkhit-Agdam, SevanKarabakh, and Miskhan-Kafan tectonic zones) of the Lesser Caucasus permit reconstruction of the regional taxonomic diversity dynamics of two groups of Early Cretaceous marine benthic invertebrates. Stratigraphical ranges of 31 species and 14 genera of brachiopods and 40 species and 31 genera of gastropods are considered. The total number of species and genera of brachiopods was low in the Berriasian-Valanginian and then rose to peak in the Barremian. Then, the diversity declined in the Aptian, and brachiopods are not known regionally from the Albian. Gastropods appeared in the Hauterivian and experienced a strong radiation in the Barremian. The diversity of species and genera declined in the Aptian (with a minor radiation in the Middle Aptian), and no gastropods are reported from the Albian. Globally, the number of brachiopod genera remained stable through the Early Cretaceous, and the number of gastropod genera increased stepwise with the maximum in the Albian. The regional and global patterns of the diversity dynamics differed for the both groups of marine benthic invertebrates. The Barremian maximum of the taxonomic diversity coincided with the regional flourishing of reefal ecosystems. The taxonomic diversity dynamics of brachiopods in the Azerbaijanian domains of the Lesser Caucasus is very similar to those of the Northern Caucasus, which is an evidence of proximity of these regions during the Early Cretaceous.
Introduction
Reconstructions of regional changes in taxonomic diversity of marine organisms are highly important for understanding spatial differences of biodiversity changes registered with the available global palaeontological data (SEPKOSKI 1993 (SEPKOSKI , 2002 ALROY et al. 2008; PURDY 2008; ALROY 2010) . Particularly, the fossil record of the Caucasus, a large region stretching between the Black Sea and the Caspian Sea, is useful for analysis of the Cretaceous biotic evolution (RUBAN et al. 2011) . Representative palaeontological data from this region were already compiled and published, but still unemployed for the analysis of diversity dynamics.
The present paper focuses on the Azerbaijanian domains of the Lesser Caucasus (Fig. 1) . Two groups of marine benthic macroinvertebrates, namely brachiopods and gastropods, are common in the Lower Cretaceous deposits of the study area (AKOPJAN & KHALI-LOV 1986; ALI-ZADEH 1988) . These groups seem to be suitable for the analysis of the regional taxonomic diversity dynamics and its further comparison with the global patterns. This study is a part of the palaeobiological re-evaluation of the information about Cretaceous marine invertebrates from the Caucasus (see also RUBAN 2006 RUBAN , 2011a RUBAN et al. 2011) .
Geological setting
The Lesser Caucasus comprises a large southern portion of the Caucasus (Fig. 1) . It occupies Armenia and parts of Azerbaijan and Georgia, as well as the neighbouring parts of Turkey and Iran. According to , the Azerbaijanian domains of the Lesser Caucasus include the Somkhit-Agdam, Sevan-Karabakh, and Miskhan-Kafan tectonic zones (the names are given in Russian transliteration). The exact Mesozoic plate tectonic setting of the Lesser Caucasus, which is a Gondwana-derived terrane (RU- BAN et al. 2007) , has been debated (LORDKIPANIDZE et al. 1984; GAMKRELIDZE 1986; GOLONKA 2004; ISMAIL-ZADEH 2007; ADAMIA et al. 2011) . This terrane was located either in the midst of the Neo-Tethys Ocean or near its northern periphery (e.g., STAMPFLI & BOREL 2002; GOLONKA 2004) (Fig. 1) . The Lesser Caucasus was affected by active tectonic processes in the Early Cretaceous, including hot-spot activity (AZIZBEKOV et al. 1972; ISMAIL-ZADEH 2007; ADAMIA et al. 2011; ROLLAND et al. 2009 ROLLAND et al. , 2011 .
The regional Lower Cretaceous stratigraphy has been developed, particularly, by KHALILOV & ALIYEV (1972 , 2007 , AKOPJAN & KHALILOV (1986) , ALI-ZADEH (1988), and ALIYEV & . Generally, Lower Cretaceous deposits constitute the carbonate-and volcaniclastic-dominated successions with a total thickness of ~1500 m and more (KHALI-LOV & ALIYEV 1972 , 2007 AKOPJAN & KHALILOV 1986; ALI-ZADEH 1988; (Figs. 2, 3) . The Urgonian limestones and reefs are abundant in the Barremian (JASAMANOV 1978; AKOP-JAN & KHALILOV 1986; ALI-ZADEH 1988; AKHMEDOV et al. 2003; (Fig. 3) . Clastic lithofacies are common in the upper part of the regional Lower Cretaceous succession (Fig. 2) . The Lower Cretaceous deposits of the study area were accumulated in a shallow-marine open basin; the seawater was warm with normal salinity (JASAMANOV 1978; ALI-ZADEH et al. 1982) . The sea was populated by different marine organisms, including ammonites, belemnites, bivalves, brachiopods, and gastropods (KHALILOV & ALIYEV 1972 , 2007 AKOPJAN & KHALILOV 1986; ALI-ZADEH 1988; . Palaeobiogeographically, the fossil assemblages belonged to the Mediterran-Caucasian Subrealm (WESTERMANN, 2000) . The available stratigraphical information (KHALI- LOV & ALIYEV 1972 , 2007 AKOPJAN & KHALILOV 1986; ALI-ZADEH 1988; permits to indicate five regional transgressions (Fig.  2) . These are interpreted on the basis of consideration of relative spatial distribution of marine deposits, erosional surfaces, and transgression surfaces. For instance, the limited occurrence of the pre-Barremian deposits in the Azerbaijanian domains of the Lesser Caucasus relatively to the distribution of the Barremian desposits implies landward shoreline shift, i.e., transgression (sensu CATUNEANU 2006) , peaked in the Barremian. The largest was the Albian transgression (JASAMANOV 1978; , which coincided with the global long-term sea-level rise (HAQ 2014) 
Materials and methods
This study employs regional and global stratigraphical ranges of Early Cretaceous brachiopods and gas- tropods. The regional data on brachiopods (Appendix 1) were taken from AKOPJAN & KHALILOV (1986) and ALI-ZADEH (1988) with certain updates (e.g., Cyrtothyris pseudosella (LOBATSCHEVA) and Praelogithyris pseudosella LOBATSCHEVA given as two distinct species in the original data source seem to be synonyms; Cyclothyris gillieroni PICTET, C. picteti BURRI, and C. renauxiana D' ORBIDNY can be attributed to the genus Lamellaerhynchia). The work by AKOPJAN & KHALI-LOV (1986) synthesizes the information on the regional stratigraphy, and, among others, it lists common brachiopod taxa. The chapter by ZEYNIYEV & LOBA-TSCHEVA in ALI-ZADEH (1988) is the first comprehensive taxonomic review of Cretaceous brachiopods from Azerbaijan, which remains essential source of the relevant information up to nowadays. These data are the result of regional sampling of many Early Cretaceous fossil localities in the Azerbaijanian domains of the Lesser Caucasus. The global generic diversity of brachiopods was established by CURRY & BRUNTON (2007) . The regional data on gastropods (Appendix 1) were extracted from ALI-ZADEH (1988) . ALIYEV in ALI-ZADEH (1988) reviewed all available information about Early Cretaceous taxa reported from Azerbaijan, including those described earlier by ALIYEV (1963) . As in the case of brachiopods, the above-mentioned data were collected during sampling of many localities, and it is regionally representative. The global data on gastropods were taken from the compilation of SEPKOSKI (2002; see database on-line: http://strata.geology.wisc.edu/jack/start.php).
For the purposes of this quantitative analysis, two regional datasets were composed (Appendix 1). The first of them comprises stratigraphical ranges of 31 species of brachiopods belonging to 14 genera. The second dataset shows the stratigraphical distribution of 40 species of gastropods belonging to 31 genera. The presence of taxa is recorded at the scale of stages, but the distribution of Early Hauterivian-Middle Aptian gastropods (Late Aptian taxa were not reported at all) is also recorded at the level of substages (Appendix 1). All regional data were collected from numerous localities within the study area. As the data are given in the original sources, they characterise the entire region (not individual sections or outcrops), which is typical for palaeontological syntheses from the former USSR. Such information is very suitable for palaeobiological studies (see RUBAN (2011b) for discussions).
The present quantitative analysis of the regional taxonomic diversity dynamics of brachiopods and gastropods includes evaluation of the total diversity (=total number of taxa), the number of appearances, and the number of disappearances by stages of the Early Cretaceous. Appearances and disappearances are preferred to originations and extinctions respectively, because the formers could be only temporal in regional records (see RUBAN & VAN LOON 2008 ). This analysis is done for both species and genera. For further comparisons of diversity patterns, the global changes in the total number of brachiopod and gastropod genera are also considered (no data on the global number of species are available). The taxonomic diversity dynamics are described herein at the level of stages. This resolution enables direct comparisons with the global diversity trends. Uncertainties related to different understandings of substages are avoided (cf. RUBAN & VAN LOON 2008) . Also, a major part of the original data is attached to stages only. However, the available information on gastropods allows a tentative reconstruction of their diversity dynamics on the level of substages.
This study is based on the Early Cretaceous chronostratigraphical framework established by the International Commission on Stratigraphy (GRADSTEIN et al. 2012 ; see the updated time scale on-line: stratigraphy.org). Some cautions are necessary when using data from the older palaeontological literature (RUBAN 2011b) . Particularly, there may be some differences between the regionally established Lower Cretaceous stages (KHALILOV & ALIYEV 1972 , 2007 AKOPJAN & KHALILOV 1986; ALI-ZADEH 1988; ALIYEV & KHALI-LOV 2007 ) and the actual global stages (GRADSTEIN et al. 2012 ; see the updated time scale on-line: stratigraphy.org). A brief examination of the regional biostratigraphy (KHALILOV & ALIYEV 1972 , 2007 ; AKOP- JAN & KHALILOV 1986; ALI-ZADEH 1988; suggests that some stage boundaries may be replaced downwards or upwards by about a triple of the stage length, but their exact position can be fixed only after detailed special investigations, and this is not the purpose of the present paper. However, the possible influence of the noted problem is considered in the interpretations of the results of this study (e.g., minor diversity changes are supposed to be within the error, and, thus, they are ignored). It should be also noted that the stratigraphical ranges employed for the purposes of the present study are based on generally consistent chrono-and biostratigraphical frameworks used in the original sources (AKOPJAN & KHA-LILOV 1986, ALI-ZADEH 1988), and no major errors linked to differences in stage understanding in different works are expected.
Results
The number of brachiopod taxa changed significantly in the Azerbaijanian domains of the Lesser Caucasus during the Early Cretaceous (Fig. 4) . Few brachiopods are reported from the Berriasian and Valanginian deposits. However, the total brachiopod diversity increased in the Hauterivian and duplicated in the Barremian. The Aptian brachiopod assemblages were poor again, and the Albian brachiopods are unknown. The number of appearances tended to remain below the number of disappearances (except for the Hauterivian). The Barremian total diversity maximum is a result of 16 species appearances in this stage and only 3 species disappearances in the Hauterivian. Very similar patterns of the generic diversity dynamics are registered (Fig. 4) .
The number of gastropod taxa also varied during the Early Cretaceous (Fig. 5) . The first gastropod taxon appeared regionally in the Hauterivian. The Barremian stage is characterised by a strong radiation of gastropods. The total diversity declined by about a half in the Aptian, but they remained relatively diverse in this stage. No gastropods are reported from the Albian deposits of the study area. The Barremian diversity maximum was a result of striking increase in the number of appearances in this stage. 27 species disappearances in the Barremian and only 8 species appearances in the Aptian reduced the gastropod diversity in the latter stage. As in the case of brachiopods, very similar patterns of the generic diversity dynamics are registered (Fig. 5) . Consideration of the total diversity dynamics at a higher resolution demonstrates that gastropods radiated gradually through the Barremian, and their diversity increased slightly in the Middle Aptian to be followed by the total disappearance of gastropods already in the late Aptian (Fig. 6) .
The comparison of the regional taxonomic diversity dynamics of the two groups of marine benthic invertebrates (Figs. 4, 5) implies that the both reached the maximum in their total species and generic diversity in the Barremian. However, the brachiopod assemblages were more diverse in the Hauterivian than in the Aptian, whereas gastropods were relatively diverse in the Aptian and much less diverse in the Hauterivian. In other words, brachiopods experienced a gradual radiation and less gradual decline (Fig. 4) , whereas gastropods experienced a strong radiation and gradual decline (Figs. 5, 6 ).
Discussion
Globally, the total generic diversity of brachiopods remained stable in the Early Cretaceous, which is different from the regional pattern (Fig. 4) . The maximum in the total diversity that occurred in the Azerbaijanian domains of the Lesser Caucasus is not established globally. And, vice versa, brachiopod communities were poor or absent regionally, when this group diversified globally. Gastropods experienced a stepwise diversification on a global scale, which contrasts with the regional changes in the number of genera (Fig. 5) . The only Barremian regional diversity maximum coincided with the onset of the late Early Cretaceous diversification, but the latter was not as striking global feature as the above-mentioned regional strong radiation of gastropods. Moreover, the global diversity of these fossils peaked in the Albian, whereas no gastropods of this age are reported from the Azerbaijanian domains of the Lesser Caucasus.
This comparison suggests that there was a fundamental difference between the regional and global diversity dynamics of both brachiopods and gastropods.
Moreover, these fossils were more similar by changes in the total number of genera on a regional scale than on a global scale. Therefore, it is unlikely that the regional taxonomic diversity dynamics was controlled by the global changes in the number of taxa. Of course, this conclusion is valid if no bias is significant. (Fig. 2) . Some regional palaeoenvironmental controls on diversity should be considered. The geological information summarized by KHALILOV & ALIYEV (1972 , 2007 , AKOPJAN & KHALILOV (1986) , ALI-ZADEH (1988), and ALIYEV & allows to outline several landward shoreline shifts that occurred in the Azerbaijanian domains of the Lesser Caucasus and either coincided with or differed from the global eustatic changes (HAQ 2014) (Fig. 2) . It is unlikely that these transgressions (Fig. 2) were an ultimate control on the regional taxonomic diversity dynamics of either brachiopods or gastropods because of their different correspondence to the diversity changes (Figs. 4, 5) . However, it cannot be excluded that the transgression peaked in the Barremian facilitated (or, at least, did not preclude) the rapid diversification of marine benthic macroinvertebrates, and the Aptian transgressions were, probably, responsible for the minor radiation of gastropods (Fig. 6) . Interestingly, the global dibersity of brachiopods (Fig. 4) and gastropods (Fig. 5 ) also did not correspond to the longterm eustatic changes reconstructed by HAQ (2014) (Fig. 2) . Another possible palaeoenvironmental control on the reconstructed diversity dynamics was seawater temperature. It was evaluated regionally on the basis of isotope studies of benthic molluscs and belemnites. Results from such studies should be used with caution because of certain difficulties with isotopic data interpretation (e.g., LONGINELLI 1996, pers. comm.). The investigation by Jasamanov (1978) showed some cooling druing the late Early Cretaceous. The seawater temperature dropped by 4-5 °C down to ~18 °C. Still, the water remained warm, and the basin was situated in or near the tropical climatic belt (JASAMANOV 1978) . The palaeotemperature analysis by ALI-ZADEH et al. (1982) showed cooling in the marine basin of Eastern Azerbaijan from ~22 °C to ~16 °C during the Valanginian-Barremian and then warming to ~22 °C in the Albian. The above-mentioned data from JASAMANOV (1978) do not permit to judge about direct influences of seawater temperature on the fossil diversity. The results of ALI-ZADEH et al. (1982) imply that the diversity maximum was reached when the seawater was the coldest. If the latter is true, this is an unusual coincidence (one would expect fauna flourishing in warm-water conditions), and further investigations are necessary to confirm and to explain this.
The Barremian deposits of the Azerbaijanian domains of the Lesser Caucasus bear reefs with diverse corals (AKOPJAN & KHALILOV 1986; ALI-ZADEH 1988; AKHMEDOV et al. 2003 ) (Appendix 2). It is broadly accepted that coral ecosystems sustained high taxonomic diversity in the geological past (KIESSLING et al. 2010) . The Urgonian facies with reefs are established in the study area (JASAMANOV 1978; AKOPJAN & KHALILOV 1986; ALI-ZADEH 1988; ALIYEV & KHA-LILOV 2007; . These are also typical for many European regions (CSÁSZÁR 2002; IDAKIEVA & IVANOV 2002; MASSE et al. 2003 MASSE et al. , 2009 BODIN et al. 2006; GODET et al. 2010; MILLAN et al. 2011; STEIN et al. 2012; CAREVIC et al. 2013; GODET 2013; HUCK et al. 2013; MASSE & FENERCI-MASSE 2013) , where they were formed in environments favourable for diversification of benthic invertebrates. The development of reefal ecosystems in the Barremian provides a plausible explanation of the strong diversification of brachiopods and gastropods relatively to Hauterivian and Aptian intervals. Anyway, the low diversity of these benthic macroinvertebrates in the Berriasian and the Valanginian, we well as their absence in the Albian remain enigmatic, because the regional palaeoenvironments (relatively shallow-water and warm seas with carbonate sedimentation) do not appear restrictive for diverse fossil communities (Fig. 2) .
Globally, the Barremian is not known as a stage with the highest global distribution of reefs. Their quantity rose gradually through the Early Cretaceous, but the peak (not as pronounced as that of the Late Jurassic) was reached near the end of this epoch (KIESSLING et al. 1999; see also BOGGS 2006) . The global generic diversity of Barremian corals (LÖSER 1996 (LÖSER , 2005 was high, but not as exceptionally high (relatively to older and younger stages) as it was regionally (ALI-ZADEH 1988) . Probably, the regional growth of reefal ecosystems in the only Barremian explains why the diversity maximum of marine benthic invertebrates is registered in the Azerbaijanian domains of the Lesser Caucasus, but not globally in this stage.
The quantitative analysis by RUBAN (2011a) permitted to register the taxonomic diversity dynamics of brachiopods in the Northern Caucasus, i.e., the northern part of the Greater Caucasus Basin. This dynamics can be compared with the diversity patterns established by the present study. The two regions are now located in the proximity of each others, but their relative position during the Early Cretaceous remains quite uncertain because of debates on the exact plate tectonic location of the Lesser Caucasus (LORDKIPA- NIDZE et al. 1984; GAMKRELIDZE 1986; GOLONKA 2004; ISMAIL-ZADEH 2007; ADAMIA et al. 2011) . However, it is clear that the Lesser Caucasus was located to the south of the Greater Caucasus and within the same tectonic sector of the Neo-Tethys Ocean.
The total brachiopod species diversity in the Azerbaijanian domains of the Lesser Caucasus was lower than that in the Northern Caucasus in the Berriasian, the Valanginian, and the Albian (Fig. 7) . However, the total species number changed very similarly in these regions, and the Barremian diversity maximum was reached synchronously (Fig. 7) . The total brachiopod generic diversity in the Azerbaijanian domains of the Lesser Caucasus was lower than that in the Northern Caucasus during the Early Cretaceous, except for the Barremian and the Aptian. The only difference in the generic diversity dynamics between the two compared regions is the peak that was reached in the Barremian in the Azerbaijanian domains of the Lesser Caucasus and in the Hauterivian in the Northern Caucasus. Such a similarity of the brachiopod taxonomic diversity dynamics between the two regions can be treated as an indirect evidence of their proximity in the Early Cretaceous. This matches the scenario, where both regions were situated at the northern margin of the Neo-Tethys Ocean. The comparison of assemblage composition between the Azerbaijanian domains of the Lesser Caucasus and the Northern Caucasus (RUBAN 2011a) indicates certain number of common species and genera, which supports the conclusion about their proximity.
Conclusions
The quantitative analysis of the Early Cretaceous taxonomic diversity dynamics of two groups of marine benthic invertebrates, namely brachiopods and gastropods, allows some conclusions:
Taxonomic diversity dynamics of Early Cretaceous brachiopods and gastropods in the Azerbaijanian domains
• the number of species and genera of brachiopods increased in the Hauterivian, peaked in the Barremian, and dropped rapidly in the Aptian;
• the number of species and genera of gastropods increased in an strongly in the Barremian and then declined in the Aptian; • the regional and global changes in the total generic diversity differed for each fossil group; • the regional development of reefal ecosystems in the Barremian was likely responsible for the regional diversity maximum of marine benthic macroinvertebrates;
• the patterns of the taxonomic diversity dynamics of brachiopods were similar between the study area and the Northern Caucasus.
Further investigations should be aimed at evaluation of the Early Cretaceous diversity dynamics of such fossil groups as ammonites and belemnites. Sequence stratigraphical architecture and palaeoenvironmental changes also need accurate reconstruction to judge about the possible extrinsic controls on the fossil diversity. 
